Venous occlusion plethysniography was used to measure the effect of changes in limb position on the peripheral blood flow. The validity of the method with the limb dependent was investigated, and found to be reliable in the conditions of the experiment. The blood flow in the limb was found to be decreased when it was raised or lowered 45 degrees. At 15 degrees of elevation, the flow was increased. Similar changes were found in recently sympathectomized limbs. The reactions may therefore be regarded as local vascular responses to postural change. C HANGE in body posture is known to have profound effects on cardiovascular hemo-dynamics. Thus, when the upright posture is assumed, the pulse rate rises, the blood pressure falls slightly, 1 ' 2> ' the velocity of venous flow decreases in the lower limbs 4 ' ' and the cardiac output falls. 6 Measurement of peripheral blood flow in the erect position has provided evidence of vasoconstriction in the liver, 7 kidney, 8 ' 9 forearm 1 and hand 10 . These latter studies refer to changes resulting from alteration in body posture, the part investigated remaining relatively constant in position.
When the position of an extremity alone is altered, and the body remains constant in position, the resultant changes in limb blood flow have been the subject of disagreement. This conflict of opinion is probably due to the different methods employed for measuring peripheral blood flow. Wilkins and associates," and Rosensweig, 12 using arterio-venous oxygen differences as a measure of the blood flow in the arm and leg, suggest that an increased flow occurs when the limb is dependent. Gaskell and Burton," however, using venous occlusion plethysmography, state that the blood flow in the finger and toe decreases when the limb is lowered. Measurement of the heat elimination from the hand, in the dependent position, has not provided unequivocal data. Roddie 14 found an increased heat elimination when the arm was lowered; Cranston and co-workers 16 hand (though it should be noted that the subject was standing at the time).
In view of these conflicting results, it seemed desirable to study the problem afresh. This paper records the results of measuring the changes in flow in the hand, foot, forearm and calf, when the position of the extremity alone was altered; the body remaining horizontal throughout the experiment. Venous occlusion plethysmography was used to measure the blood flow. The validity of this method when the limb is dependent has, however, been questioned by some workers. It was necessary for us to establish the reliability of this method in the conditions of our experiments.
METHOD AND MATERIAL
Venous occlusion plethysmography as described by Barcroft and Swan 16 was used. The experiments were performed in a temperature controlled room, except in the immediate postoperative period, when the limb blood flow was measured in the ward. Air-filled plethysmographs were used" and the venous collecting cuff was inflated to 75 mm. Hg.
Validity of Method. The use of venous occlusion plethysmography for measuring the blood flow in a horizontal limb is well established. In view of the criticisms which had been advanced, it was necessary for us to justify its validity when measuring the flow in a dependent limb. Venous occlusion plethysmography depends on the presence of an adequate venous reservoir, to which sufficient pressure is applied to prevent venous escape without interfering with the arterial inflow. Use of this method when the limb is dependent has been criticized because (1) blood leaks underneath the venous collecting cuff, due to the increased venous pressure in the dependent limb and (2) the veins are so distended by the increased hydrostatic pressure in the dependent position, that they are not suitable for the further collection of blood.
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Citculation Research, Volume III, September 19Si To assess the importance of these objections the following investigations were devised: (1) Recordings of the limb blood flow were made with the limb dependent and with the collecting cuff inflated at pressures ranging from 75 to 110 mm. Hg. (2) Collecting cuffs were placed on the ankle or thigh and inflated to 75 mm. Hg with the leg dependent. Thirty per cent diodrast (20 cc. and 40 cc. respectively), was slowly injected into a vein on the dorsuin of the foot, and X-ray films of the leg were taken immediately, at three and five minute intervals after injection, to see if any blood leaked under the cuff.
The recordings of the blood flow through the calf and foot with the limb at 45 degrees, dependent and with the venous collecting cuff at various pressures, can be seen in table J. The readings in the dependent position were always significantly lower than those recorded in the horizontal, whatever the pressure in the collecting cuff. It is clear that an increase in venous collecting pressure, from 75 to 1L0 mm. Hg caused no significant change in flow. We were satisfied, therefore, that collecting pressures of sufficient magnitude were used. Furthermore the venous pressure in the foot has been measured by Walker and Longland 18 and found to be not greater than 90 mm. Hg when the subject is standing. This is clearly the maximum pressure to which the veins of the lower limb are ever subjected. In our experiments such pressures were not even approached, since the trunk was horizontal and the limb was lowered only to an angle of 45 degrees. The net increase in hydrostatic pressure was therefore not greater than 10 to 15 cm. of blood in the calf veins, and 25 to 30 cm. in the foot veins.
The X-ray films taken after the injection of diodrast showed no leakage of blood under the collecting cuff. This is further confirmed by the consistently straight line of our inflow curves ( fig. 1 ).
The distensibility of peripheral veins has been studied by Connolly and Wood, 19 in the veins on the dorsuin of the hand. From their tables it seems clear that with the hydrostatic pressures involved in our experiments, the veins are still capable of further distension, and that a linear relation holds.
It is justifiable to assume, therefore, that even when the limb is dependent, the conditions for venous occlusion plethysmography are fulfilled, i.e. the veins can collect blood and the pressure in the collecting cuff is sufficient to prevent all venous return without affecting arterial inflow. In so far as the method of venous occlusion plethysmography is itself an accurate representation of the blood flow in a limb, the results of our experiments are valid.
Subjects. Six normal subjects and 12 patients, admitted to hospital for sympathectomy (nine lumbar and three cervico-dorsal), were selected for the study. Indications for operation were hyperhidrosis (two), Raynaud's phenomenon (two) and arteriosclerosis (eight). None of the patients had complete obliteration of any main arterial trunk. In the sympathectomized patients, a total of five calves, four hands, and three feet were studied.
The blood flow was measured before and three months after sympathectomy. An indirect heating test was performed on each patient after operation to assess the completeness of the sympathectomy. In four patients the flows were also measured 24 or 4S hours after the surgical intervention. They were unfortunately not measured in all, since the repeated changes in posture entailed by the experiment were found to be of some inconvenience to patients so soon after operation.
Plan of Experiment. The blood flow through the calf, foot or hand was measured in a horizontal position and the limb was then flaxed at the knee or elbow, and placed in a dependent position of 45 degi'ees for three minutes, when flows were again measured. After this the extremity was returned to the horizontal position till the flow had reached its previous horizontal level. It was then elevated, first to 15 degrees, and then to 45 degrees. The limb remained in each of these positions for three minutes before readings were taken. Throughout the experiment the patient's trunk remained horizontal and the limb only was moved. In control axperiments, the blood flow through the calf, foot or hand of the contra-lateral limb was also measured: this limb remained horizontal throughout the experiment. The investigation was performed before and after sympathectomy.* It was possible, therefore, to compare the peripheral vascular responses to changes of position in both normal and sympathectomized limbs.
RESULTS
The mean horizontal blood flow through the calf, foot and hand of the patients investigated before sympathectomy was 2.0, 3.0 and 3.8 ml. per 100 ml. of tissue per minute respectively (table 2) . This fell to 1.2, 1.8 and 2.9 ml. per 100 ml. after the limb had been placed in a dependent position of 45 degrees. The limb was then returned to the horizontal and allowed to attain the previous horizontal flow. The ax-* Except in three patients in whom the investigation was only performed postoperatively. tremity was then elevated 15 degrees: the mean blood flow increased from the basal horizontal level of 2.0, 3.0 and 3.8 ml. to 3.0, 3.9 and 5.4 ml. for the calf, foot and hand respectively. When the limb was further elevated to 45 degrees, the blood flow fell to 1.0, 1.9 and 2.4 ml.
The experiments on normal subjects gave similar results (table 3) . Thus the mean horizontal flow of 2.8, 2.1, 2.2, and 4.2 ml. recorded in calf, foot, forearm and hand respectively, fell to a value of 1.9, 1.3, ] .3, and 3.3 ml. in the dependent position. At 15 degrees of elevation, there was a rise in flow to a mean of 5.6, 3.7, 3.8 and 5.3 ml. respectively, and at 45 degrees of elevation, the flow decreased with final values of 2.0, 1.7, 1.0 and 3.0 ml.
After sympathectomy, an indirect heating test revealed no increase in foot or hand blood flow, con filming thereby the presence of a complete sympathectomy at the time of our experiment. A clmnge in limb posture after sympathectomy caused similar changes in flow to those observed in the same limbs before operation, or in normal limbs (table 2) .
In the control experiments, no change of flow was noted in the contralateral limb, which remained horizontal throughout the experiment.
DISCUSSION
In brief, our results show that when a limb is elevated 15 degrees from the horizontal, the blood flow through it increases; when it is raised to an angle of 45 degrees, a decreased blood flow results, and when it is lowered 45 degrees the flow also decreases. There is one exception to this finding: In the immediate period after sympathectomy, when the flow is already high, a further increase may not occur (table 4 ). The absence of changes in the contralateral limb shows that any alterations in flow are confined to the limb whose position is altered. The presence of these changes in blood flow in sympathectomized limbs suggests that they are not dependent on a central reflex mechanism. The change is probably a local phenomenon, the reaction to an alteration in limb pasture.
The decreased flow recorded on raising the limb 45 degrees can be explained, as discussed by Gaskell and Burton," by an altered distensibility of the blood vessels. The increased flow recorded at 15 degrees of elevation is however more difficult to explain in terms of simple physical principles alone.
Our results are in general agreement with those obtained by Gaskell and Burton 13 for the finger and toe using venous occlusion plethysmography. The decreased blood flow which we have recorded when the limb is dependent, is at variance, however, with the observations of Wilkins and co-workers" and Rosensweig, 12 who suggest that an increased flow occurs in these conditions. This difference in findings can probably be explained by the difference in the methods used to evaluate limb blood flow. Changes in the arteriovenous oxygen differences were used by these workers as a measure of the blood flow through that limb. The arteriovenous oxygen difference decreases when the limb is lowered, but it is questionable whether this finding alone can be used to measure a change in blood flow. Alterations in the channels through which blood flows and in the rate of flow could cause a change in oxygen consumption and thus invalidate the calculation of total flow based on changes in the arteriovenous oxygen difference. Venous occlusion plethysmography does not measure the rate of flow or the particular channels through which this occurs. It is, however, the only method available at present by which the total amount of blood flowing through a segment can be measured, and, as shown above, using this method, the total flow undoubtedly decreases when the limb is dependent. The exact mechanism by which the decreased blood flow occurs in the dependent limb is not clear. It is known that the volume of the leg increases when it is dependent 20 ' 21 and that a large part of the increase occurs in the first half minute. At some point, therefore, there must have been an increased flow in the dependent limb. We measured the flow after at least three minutes dependency, and by this time, the flow had decreased. Any increase must, therefore, have occurred prior to this and possibly immediately after the leg is lowered. There would appear to be more blood present in the extremity when it is dependent than when it is horizontal, but actually less flowing through it per unit of time.
SUMMARY
The blood flow through the hand, foot and calf has been measured with the limb horizontal, elevated to 15 and 45 and 45 degrees dependent, using venous occlusion plethysmography, in normal and sympathectomized subjects.
The use of venous occlusion plethysmography has been investigated in the dependent position, and reasons are given for assuming the validity of the method under the conditions of the experiment.
The blood flow in the normal limb, after at least three minutes in a dependent or elevated position of 45 degrees, is less than the flow measured in the horizontal position. At 15 degrees of elevation, the flow is greater than when horizontal.
Similar decreases in flow in the dependent and elevated positions of 45 degrees are found in sympathectomized limbs. At 15 degrees of elevation, recently sympathectomized limbs may show no increase in flow.
